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Comparison of Phadebact coagglutination tests with
counterimmunoelectrophoresis for the detection of
bacterial antigens in cerebrospinal fluid
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SUMMARY One hundred and seventeen specimens of cerebrospinal fluid from 94 patients were

examined for the presence of pneumococcal and Haemophilus influenzae type b antigens using
counterimmunoelectrophoresis and coagglutination tests. The coagglutination method using
Phadebact reagents was as sensitive as counterimmunoelectrophoresis, but culture was a more

sensitive diagnostic procedure than either test. A meningococcus coagglutination reagent,
included in a prototype meningitis diagnostic kit, was also found to be as sensitive as counterim-
munoelectrophoresis when tested on culture-positive cerebrospinal fluid specimens. Coagglutina-
tion tests for the detection of bacterial antigen are useful supportive tests when used in conjunc-
tion with direct microscopy and culture for bacterial pathogens.

Several techniques have been described which
increase the speed and sensitivity of the diagnosis of
bacterial meningitis in comparison with a Gram-
stained film and culture of cerebrospinal fluid (CSF).
There are non-specific indicators of bacterial infec-
tion such as the detection of Gram-negative
endotoxin and the measurement of lactate in CSF,' 2
and the measurement of C-reactive protein in
serum.3 Specific techniques include the detection of
bacterial antigen in CSF by counterimmunoelec-
trophoresis (CIE). Early studies suggested that the
sensitivity of CIE was comparable to that of Gram
stain and culture of CSF combined,5 but this has not
been confirmed subsequently.69 Many variations in
technique have been described.'0

Slide agglutination techniques are as sensitive and
specific as CIE for the detection of bacterial antigens
in CSF.68 Coagglutination (COA) reagents are sus-
pensions of staphylococci treated to expose superfi-
cial protein A coated with specific antisera. Com-
mercially prepared reagents are available as the
Phadebact Pneumococcus Test and Phadebact
Haemophilus Test (Pharmacia Diagnostics) for the
identification of Streptococcus pneumoniae and cap-
sulated Haemophilus influenzae. The purpose of this
study was to compare these two kits with CIE for the
detection of bacterial antigen in CSF. At the end of
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the study a prototype meningitis kit incorporating a
meningococcus reagent was also compared with CIE
on culture-positive CSF specimens.

Material and methods

CSF SPECIMENS
Cell count, Gram stain and bacterial culture on
blood agar and heated blood agar in 5% CO2 were
performed on all specimens of CSF submitted to the
diagnostic laboratory of the Department of Mic-
robiology, University of Leeds. Further investiga-
tions for Myco tuberculosis, fungi, viruses, etc were
carried out when appropriate. COA tests for
Haemophilus influenzae and pneumococcus antigen
were performed on all CSF specimens with a neut-
rophil polymorph count of greater than 10 x 106/1,
and on the supernatant of centrifuged, bloodstained
CSF specimens with a ratio of white blood cells to
red cells of greater than 1:500. Specimens were simi-
larly cultured and tested by COA in the Bacteriol-
ogy Laboratories of the Bradford Royal Infirmary,
St Luke's Hospital, Bradford and Staincliffe Gen-
eral Hospital, Dewsbury; any remaining CSF was
stored at - 20°C and later submitted to the Depart-
ment of Microbiology, University of Leeds where
CIE and repeat COA reactions were tested. A small
number of specimens were submitted from other
laboratories in West Yorkshire.
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COUNTERIMMUNOELECTROPHORESIS
CIE was performed on unheated CSF using
Shandon-Vokam CIE equipment. Barbiturate
buffer (pH 8-2, ionic strength 0.05) was used to
prepare the 1% agarose gel and in the buffer tanks.4
A constant current of 2 mA/cm width of gel was
applied, as recommended for the equipment used.
Slides were examined after 30 min and one hour for
lines of precipitation, and then placed in a wet
chamber at 4°C and re-examined after overnight
cooling. Four antisera were used for CIE;
Pneumococcus omniserum (Statens Seruminstitut,
Copenhagen, Denmark), Haemophilus influenzae
type b (Difco), meningococcus polyvalent groups
ABCD, and meningococcus polyvalent groups XYZ
and W135 (Wellcome). Three antigen controls were
prepared from laboratory cultures ofN meningitidis
(group A), Strep pneumoniae and Haemophilus
influenzae type b and were included in each
electrophoresis."
COAGGLUTINATION TESTS
Initially COA reagents were supplied in a lyophil-
ised form and were reconstituted with buffer and
used in accordance with the manufacturer's instruc-
tions. Reagents are now supplied ready for use, as
staphylococcal suspensions coated with rabbit anti-
body and stained with methylene blue. The
Pneumococcus kit comprises two reagents; one is
coated with anti-pneumococcal antibodies and the
other with gamma globulin from non-immunised
rabbits, as the control reagent. The Haemophilus kit

Table 1 CIE and COA reactions off17 specimens ofCSF

Bacteria isolated Number of Positive by Positive by
CFSs CIE COA

Strep pneumoniae 14 13 13
H influenzae 10 8 8
N meningitidis 13 6 NT
Other speciest 9 0 0
No bacterial growth 71 4* 4*

tSee Results.
*See Table 2.
NT = not tested.

Tompkins

also comprises two reagents, one coated with rabbit
antibody to Haemophilus influenzae type b, and the
other antibodies to Haemophilus influenzae types a c

d e f.
Approximately one ml of CSF was heated for 10

min, in a test tube placed in a water bath at 80°C, to
eliminate non-specific agglutinations. Four separate
drops of CSF were then placed on one of the white
cards provided, and one drop of each reagent added.
Each reagent and CSF were mixed and the card
rocked slowly and observed for agglutination for
two minutes. Reactions were graded visually (+ to
+ + + + ).6 Instructions provided with the latest
reagents suggest that 30 seconds should be the limit
for observation of reactions, but some of the weaker
agglutinations were not observed until one to two
minutes had elapsed.

MENINGITIS KIT
A prototype meningitis COA kit was available for
evaluation at the end of the study. This comprised
polyvalent pneumococcus reagent, Haemophilus
influenzae (type b) and (types a, c-f) reagents and a

new meningococcus reagent, all ready for use. The
kit was tested on CSF specimens which had been
stored at -20°C using the method described above.

Results

One hundred and seventeen specimens of CSF from
94 patients were tested for pneumococcal, mening-
ococcal and Haemophilus influenzae type b antigens
by CIE, and pneumococcal and Haemophilus
influenzae type b antigens by COA. Forty-six of
these specimens, obtained at presentation, were

positive on culture for bacteria, and antigen was

detected as shown in Table 1. One specimen was

positive for pneumococcal antigen by CIE and nega-
tive by COA; one was positive by COA and nega-

tive by CIE. Two CSFs, from which Haemophilus
influenzae was cultured, contained no antigen
detectable by CIE or COA when tested after storage

Table 2 Persistence ofpneumococcal antigen in CSF detected by CIE and COA

Patient Days after initial specimen Gram film Bacterial culture CIE COA

A 0* + + + +
A 3 + - + +
A 5 - - + +
A 6 - - - +
A 9 - _ _ _
B 0 + + + +
B 8 + -
C 0 + + + +
C 2 + - + +
D 0 + + + +
D 2 + - + -
D 4 - -

*Initial specimen taken on day of presentation.
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at -20°C, although COA had been positive on ini-
tial testing of one of these specimens. One culture of
meningococcus consisted of one colony only; CIE
was negative on this specimen. No cross-reactions
were observed. The other bacteria cultured were
Staph aureus (x 2), Klebsiella aerogenes (x 2),
Mycobacterium tuberculosis (x 2), Staph epider-
midis, E coli and Listeria monocytogenes.

Eight specimens of CSF were submitted to
monitor the progress of four of the patients with
pneumococcal meningitis (Table 2). The four
specimens obtained at presentation of these patients
were all positive on Gram-stain, culture, CIE and
COA. Antigen was detected in one case after organ-
isms could no longer be seen in Gram-stained films
of the CSF, and in two cases after culture had
become negative.

COMPARISON OF THE SENSITIVITY OF CIE AND
COA FOR ANTIGEN DETECTION
Four CSF specimens, strongly positive by both CIE
and COA on initial testing, and stored at -20GC,
were tested. Doubling dilutions of each CSF were
made in barbiturate buffer. Each dilution was tested
for antigen by CIE, then heated and tested by COA
as described above (Table 3). COA was as sensitive
as CIE for the detection of bacterial antigen.

MENINGITIS KIT
Twenty-four specimens of CSF, all positive on bac-
terial culture and from different patients, were used
to evaluate the prototype meningitis kit (Table 4).
The specimens had been previously tested by CIE
and stored at - 20°C. Of the 11 specimens tested

Table 3 Comparison ofthe sensitivity ofCIE and COA on
CSFfrom four patients

Patient Bacterial isolate Titre-CIE Titre-COA

A pneumococcus 128 128
E pneumococcus 32 64
F H influenzae 4 16
G H influenzae 2 2

from which meningococci were cultured, six were

positive for antigen by both CIE and COA. One
cross-reaction was observed; a specimen positive on
culture for Haemophilus influenzae gave a positive
reaction on CIE and COA for Haemophilus influen-
zae type b antigen, but also gave a weak positive
reaction with the meningococcal COA reagent.
Unfortunately, no more of this CSF was available
for study and the organism had been discarded.

Discussion

The most sensitive method available at present for
the detection of bacteria in CSF is culture, and for
rapid diagnosis a Gram-stained film is more sensi-
tive than either CIE or slide agglutination tests.8
However, Gram-stained smears can be misleading
and detection of antigen by rapid methods can lend
valuable support to a presumptive diagnosis based
on microscopy, so that specific antibiotic therapy can

be initiated before culture results are available.
Expensive equipment is required for CIE. Freshly
prepared agarose-coated slides should be available
if the test is to be used as an emergency procedure
and electrophoresis may be required for a period of
up to one hour. The technique is not suited to "on-
call" work. No expensive equipment is required for
COA, the reagents are supplied ready for use, and
the test is completed in 15 min. Positive reactions
were clearly defined in the COA test, whereas some

lines of precipitation clearly visible after 30 minutes
CIE became blurred at one hour and other lines
were very faint even after one hour of elec-
trophoresis.12 The results obtained with commer-

cially available reagents confirm previous observa-
tions that COA is as sensitive, or more sensitive,
than CIE for bacterial antigen detection in CSF.68
Antigen was detected only in CSF specimens posi-

tive on culture for bacteria, or from patients with
previous CSF specimens positive on culture for bac-
teria. Prior treatment with antibiotics decreases the
numbers of organisms present in the CSF, adversely
affecting Gram stain, culture and the amount of

Table 4 Evaluation ofPrototype Meningitis Kit

Bacterial No of CIE positve COA positive
culture CSFs

pneumo- H infisenzae meningo- meningo- pneumo- H influenzae H infihenzae meningo-
coccus type b coccus coccus coccus type b types acdef coccus

groups groups
ABCD XYZ W135

Streptococcus
pneumoniae 7 7 0 0 0 7 0 0 0

Haemophilus
influenzae 5 0 4 0 0 0 4 0 1

Neisseria
meningitidis 11 0 0 6 0 0 0 0 6

Listeria
monocytogenes 1 0 0 0 0 0 0 0 0
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antigen available for detection.'3 A threshold con-
centration of bacteria is required for antigen detec-
tion by CIE and COA78 and this is higher than the
threshold for detection of bacteria by direct micro-
scopy.,
Although bacterial antigen in CSF is reported to

be stable at - 20°C for up to six months69 one
specimen of CSF initially positive by COA was
negative by CIE and COA for Haemophilus influen-
zae type b antigen after transport to the laboratory
and storage at - 20°C for two months. Two speci-
mens positive on culture for Haemophilus influenzae
were posted to the laboratory and on receipt were
negative for antigen by CIE and COA, and were not
included in the results. Specimens should be tested
for antigen as soon as possible after receipt in the
laboratory. One cross-reaction was observed with
the prototype meningococcus COA reagent, but
instructions supplied with the meningitis kit directed
that CSF specimens should be tested with all four
reagents, and the false-positive reaction was easily
detected.
The meningococcus COA reagent appears to be

less sensitive than the pneumococcus or
Haemophilus influenzae type b reagents (Table 4), a
phenomenon previously reported with "home-
made" reagents.68 Although one study8 found the
COA technique equally sensitive for the detection
of meningococcal antigen of groups A, B and C, it is
known that the commercially available group B
meningococcal antisera are less sensitive than those
of other groups." 1214 For various reasons involved
in the collection of specimens from several
laboratories, and storage over a period of 18
months, the groups on only four of the eleven
meningococcal CSFs tested are known; two group C
specimens were positive on CIE and COA, two
group B specimens were negative on CIE and COA.
The meningococcus COA reagent is prepared with
antisera to groups A, B, C, Y and W135, and further
studies on CSFs containing the antigens of these
groups are indicated.
A coagglutination kit of ready-for-use reagents

will provide all laboratories with the facility for bac-
terial antigen detection in CSF specimens. COA has
been shown to be as sensitive as CIE and is a useful
test in support of established methods of direct mic-
roscopy and culture for the diagnosis of bacterial
meningitis.
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